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Prior art 



Compounds of the formula 




and 



COOH 



and certain derivatives thereof disclosed in US 5 306 726 and WO 91/19702 are said to be 
useful as hypoglycemic and hypocholesterolemic agents, and in US 5 232 945 said to be 
useful in the treatment of hypertension. 



AU 650 429 discloses structurally related compounds, but claimed to have different 
properties: diuretic, antihypertensive, platelets anti-aggregating and anti-lipoxygenase 
properties. 

EP 139 421 discloses compounds having the ability to lower blood lipid and blood sugar 
levels. Among these compounds is troglitazone, a compound that has reached the market 
for treatment of NIDDM or decreased glucose tolerance. 
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Description of the invention 

It has now surprisingly been found that the novel compound 
(S)-2-ethoxy-3-[4-(2-{4-melJianesulfonyloxyphenyl}ethoxy)phenyl]propanoic acid 
having the formula I 




is effective in conditions associated with insulin resistance. 

The invention also relates to pharmaceutically acceptable salts, solvates, such as hydrates, 
and crystalline forms of the compound of the formula I. 

In the present specification the expression "pharmaceutically acceptable salts" is intended 
to define but is not limited to such salts as the alkali metal salts (e.g. sodium, lithium and 
potassium), alkaline earth metal salts (e.g. calcium, barium and magnesium), aluminium, 
zinc and bismuth salts, ammonium salts, salts with basic amino acids, such as arginine, 
lysine, and salts with organic amines such as ethanolamine, ethylenediamine, 
triethanoleamine, benzylphenethylamine, diethylamine, tromethamine, benzathine, 
chloroprocaine, choline, meglumine, procaine, clemizole and piperazine. 

Throughout the specification and the appended claims, a given chemical formula or name 
shall encompass all pharmaceutically acceptable salts thereof, crystalline forms and 
solvates thereof such as for instance hydrates. 
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Methods of preparation 

The compound of the invention may be prepared as outlined below according to any of 
methods A-H. However, the invention is not limited to these methods, the compounds may 
also be prepared as described for structurally related compounds in the prior art. 

A.The compound of the invention of the formula I, can be prepared by converting a 
compound of formula II 




tl 



wherein A is -OR p , wherein R p is a protective group, e.g. ethyl, or A is a chiral auxiliary 
group, such as a chiral amine, e.g. (R)-fenylglycinol, a chiral alcohol, such as menthol or a 
chiral oxazolidinone, such as (S)-4-benzyl-2-oxazolidinone. The convertion can be 
performed as a hydrolysis which can be either acidic or basic and performed .according to 
standard methods known to anyone skilled in the art or as described in the experimental 
part. 

B. The compound of the formula I or the formula II, wherein A is a chiral auxiliary group 
or -OR p and R p is as defined above, can be prepared by reacting a compound of the 
formula HI 
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wherein X is OH or a leaving group such as a sulfonate or a halogen, with a compound of 
the formula IV 




IV 



O 



wherein Q is H and A is a chiral auxiliary group, -OH or -OR p , and R p is as defined above. 
The reaction can be performed either by an alkylation reaction or a Mitsunobu reaction. 

In an alkylation reaction the leaving group X can be a sulfonate such as mesylate, nosylate, 
tosylate, or a halogen, such as bromine or iodine. The compounds of formula III and IV, in 
approximately equimolar amounts or with an excess of either compound, are heated to 
reflux temperature in an inert solvent, such as isopropanol or acetonitrile, in the presence of 
a base, such as potassium carbonate or cesium carbonate. 

The mixture is refluxed for the necessary time, typically between 0.5 h to 24 h, the work up 
procedure usually includes filtration, for removal of solid salt, evaporation, neutralisation 
(when A=OH) and extraction with water and an organic solvent such as dichloromethane, 
ethyl acetate, or diethyl ether. 

The crude product is purified if desired e.g. by recrystallization or by standard 
chromatographic methods. 
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The Mitsunobu reaction can be carried out according to standard methods or as described 
in for example Tsunoda T., Yamamiaya Y., Ito S., Tetrahedron Letters, 34, 1639-1642 
(1993) or O. Mitsunobu, Synthesis, 1981, p. 1. When using a Mitsunobu reaction A can not 



In a typical Mitsunobu reaction a compound of formula HI, wherein the group X is a 
hydroxyl group, and a compound of formula IV are mixed, in approximately equimolar 
amounts or with an excess of either compound, in an inert solvent, such as chloroform, 
dichloromethane, or tetrahydrofuran. A slight molar excess, 1-4 equivalents, of an 
io azodicarboxylate, such as DEAD or ADDP and a phosphine (1-4 equivalents), such as 
tributylphosphine or triphenylphosphine are added and the reaction is stirred at a 
temperature high enough - for example room temperature - and a time long enough (1-24 
hours) to obtain product, which can be worked up with standard literature methods and if 
desired purified, e.g. by standard chromatographic methods. 

15 

The compound of formula III can be prepared by standard procedures known to anyone 
skilled in the art, from commercially available starting materials or as described in the 
experimental section. 

20 The compound of formula IV wherein Q is H and A is a chiral auxiliary group, -OH or 
-OR p , wherein R p is as defined above, can be prepared as described below in the 
experimental part or by converting a compound of formula IV 



be -OH. 



5 




o 



25 



WO 99/62872 



PCT/SE99/00941 



8 



15 



wherein Q is R , wherein R is a protective group, e.g. benzyl, and A is a chiral auxiliary 
group, -OH or -OR p wherein R p is as defined above. 

C. The compound of formula II ,wherein A is a chiral auxiliary group, and the compound 
of formula IV, wherein A is a chiral auxiliary group and Q is hydrogen or R q , wherein R* 
is as defined above and, can be prepared by diastereoisomeric separation of the compound 
of the formula V 



wherein A is a chiral auxiliary group, Q is hydrogen, -CH 2 CH 2 Ph-4-OS0 2 CH 3 or R q , 
wherein R q is as defined above. The separation of the diastereomers can be performed 
either by crystallization or by chromatography. The chromatographic separation can be 
performed as described in the experimental part. 

The compound of formula V wherein A is a chiral auxiliary group, Q is hydrogen, - 
CH 2 CH 2 Ph-4-OS0 2 CH 3 or R q , wherein R q is as defined above, can be prepared by 
converting a compound of formula VI 




O 




VI 



O 
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wherein Q is hydrogen, -CH 2 CH 2 Ph-4-OS0 2 CH 3 or R q , and R* is hydrogen or R p , wherein 
R q and R p are as defined above, for example by reacting it with a chiral amine or a chiral 
alcohol. 

The compound of formula V when A is a chiral amine can be prepared by reacting a 
compound of formula VI with a chiral amine such as (R)-phenyl glycinol for example in 
the presence of a peptide coupling system (e.g. EDC, DCC, HBTU, TBTU, PyBop or 
oxalylchloride in DMF), an appropriate base (e.g. pyridine, DMAP, TEA or DiPEA) and a 
suitable organic solvent (e.g. dichloromethane, acetonitrile or DMF) in accordance to 
methods well known to those skilled in the art or as described in the examples. 

The compound of formula V when A is a chiral alcohol can be prepared in the same way 
using a chiral alcohol, such as menthol, instead of a chiral amine, or by the mix-anhydride 
method with pivaloyl chloride and the lithium salt of the chiral alcohol. 

The compound of formula V wherein A is a chiral auxiliary group and Q is hydrogen, 
-CH 2 CH 2 Ph-4-OS0 2 CH 3 or R q , wherein R q is as defined above, and the compound of 
formula VI, wherein Q is hydrogen, -CH 2 CH 2 Ph-4-OS0 2 CH 3 or R q and R x is hydrogen or 
R p , wherein R q and R p are as defined above, can be prepared by reduction of a compound 
of formula VII 



wherein A is a chiral auxiliary group, -OH, or -OR p wherein R p is as defined above and Q 
is hydrogen, -CH 2 CH 2 Ph-4-OS0 2 CH 3 or R q , wherein R q is as defined above, and if desired 
followed by removal of protecting groups. 




VII 



O 
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The reduction of the olefin may be carried out by using a wide variety of reducing 
methods known to reduce carbon-carbon double bonds, such as catalytic hydrogenation in 
the presence of an appropriate catalyst or hydrogen transfer reagents such as diethyl-2,5- 
dimethyl-l,4-dihydropyridine-3,5-dicarboxylate. 

The catalytic hydrogenation can be performed in alcohol, cellosolves, protic polar organic 
solvents, ethers, lower alifatic acids, and particularly in methanol, ethanol, 
methoxyethanol, dimethyl formamide, tetrahydrofuran, dioxane, dimetoxyethane, ethyl 
acetate or acetic acid either used alone or in mixture. Examples of the catalysts used 
include palladium black, palladium on charcoal, platinum oxide or Wilkinson's catalyst. 
This reaction can be performed at different temperatures and pressures depending on the 
reactivity of the aimed reaction. 

In case of hydrogen transfer reaction with diethyl-2,5-dimethyl-l,4-dihydropyridine-3,5- 
dicarboxylate the reaction can be conducted by mixing equimolar amounts of reactants and 
warming the mixture to melting (140-250°C) in inert atmosphere or in vacuum. 

The compound of formula VII wherein A is a chiral auxiliary group, -OH, or -OR p , 
wherein R p is as defined above and Q is hydrogen, -CH 2 CH 2 Ph-4-OS0 2 CH 3 'or R q , 
wherein R q is as defined above, can be prepared by a condensation reaction, such as a 
Knoevenagel or Wittig type reaction, of a carbonyl compound of the formula VIII 




VIII 



H 
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wherein Q is hydrogen, -CH 2 CH 2 Ph-4-OS0 2 CH 3 or R q , wherein R q is as defined above, 
with a compound of the formula IX 



in which formula A is a chiral auxiliary group, -OH or -OR , wherein R p is as defined 
above, or a compound of the formula X 



in which formula A is a chiral auxiliary group or -OR p , wherein R p is as defined above, L 

2 3 12 3 

= L = L are phenyl or L = L are -Oalkyl and L is = O, and, if desired, followed by 
removal of protecting groups or by an arylation reaction as described in for example 
Cacchi S., Ciattini P. G., Morera E., Ortar G., Tetrahedron Letters, 28 (28) 1987, pp 3039- 
3042. 

In the condensation step, approximately equimolar amounts of reactants are mixed in the 
presence of a base, to provide the olefin compound. This step may be carried out in the 
presence of an inert solvent or in the absence of a solvent at a temperature between -20°C 
and the melting point for the mixture. It might be necessary to add a dehydrating agent in 
order to achieve the olefinic compound. 




O 




In a typical such reaction the compounds of formula VHI and formula IX are mixed in a 
solvent such as tetrahydrofuran. Anhydrous potassium terf-butoxide is slowly added at low 
temperature i.e. - 20°C. The reaction is quenched with acetic acid. The crude product is 
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isolated, redissolved in toulene and refluxed with p-toluene sulfonic acid in a Dean-Stark 
apparatus. The solution is cooled and the product is isolated and purified according to 
standard methods (see Groger T., Waldmann E., Monatsh Chem 89, 1958, p 370). 

The condensation step could also be performed as a Wittig-type reaction (see for example 
Comprehensive Organic Synthesis vol. 1 p. 755-781 Pergamon Press) or as described in 
the experimental part. 

In a typical such reaction, approximately equimolar amounts of reactants of formula VIII 
and formula X are stirred in the presence of a base such as tetramethylguanidine or 
potassium carbonate in a 1-5 fold molar excess. This step may be carried out in the 
presence of an inert solvent such as dichloromethane or acetonitrile and at a suitable 
temperature (-10° C + 60° C) and at a time long enough. 

The compound of the formula VIII when Q is -CH 2 CH 2 Ph-4-OS0 2 CH3 can be prepared by 
coupling a compound of the formula in wherein X is -OH or a leaving group such as a 
sulfonate or a halogen, with a compound of the formula XI 



When X is a leaving group such as a sulfonate or a halogen, the reaction may be performed 
as an alkylation reaction and when X is -OH, as a Mitsunobu reaction as described above. 

D. The compound of formula I or formula D wherein A is -OR p and R p is as defined above 
and the compound of formula IV wherein A is OH or -OR p and Q is H or R q wherein R p 



O 




XI 
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and R q are as defined above can be prepared by enantiomeric separation, such as chiral 
chromatography of the compound of the formula V 



O 

wherein A is -OH or -OR p , Q is H, -CH 2 CH 2 Ph-4-OS0 2 CH3 or R q wherein R p and R q are 
as defined above. 

E. The compound of the formula I or the formula II wherein A is a chiral auxiliary group 
or -OR p , wherein R p is as defined above, and the compound of formula IV wherein A is a 
chiral auxiliary group, -OH, or -OR p , wherein R p is as defined above and Q is hydrogen or 
R q , wherein R q is as defined above and, can be prepared by asymmetric reduction of a 
compound of the formula VII 



wherein A is a chiral auxiliary group, -OH, or -OR p , wherein R p is as defined above and Q 
is hydrogen, -CH 2 CH 2 Ph-4-OS0 2 CH 3 or R q , wherein R q is as defined above. 
The asymmetric reduction can be carried out using a wide variety of reducing methods 
known to reduce carbon-carbon double bonds such as catalytic hydrogenation in the 
presence of an appropriate chiral catalyst such as Rh-BINAP or [Et-DuPHOS-Rh(COD)] or 
catalytic hydrogenation with an appropriate catalyst, such as palladium on charcoal using 
the chiral auxiliary group to induce the asymmetry. 




V 




VII 
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The catalytic hydrogenation can be carried out in a wide variety of solvents, such as 
alcohol, cellosolves, protic polar organic solvents, ethers, lower alifatic acids, and 
particularly in methanol, ethanol, methoxyethanol, dimethylformamide, tetrahydrofuran, 
dioxane, dimetoxyethane, ethyl acetate or acetic acid, either used alone or in a mixture. The 
reaction can proceed at different temperatures and pressures depending on the reactivity of 
the aimed reaction. 

F. The compound of the formula I or the formula II, wherein A is a chiral auxiliary group, 
or -OR p , wherein R p is as defined above, and the compound of formula IV wherein A is a 
chiral auxiliary group, -OH, or -OR p , wherein R p is as defined above and Q is hydrogen 
or R q , wherein R q is as defined above, can be prepared by alkylating a compound of the 
formula XII 



wherein A is a chiral auxiliary group, -OH, or -OR, wherein R p is as defined above, and 
Q is hydrogen, -CH 2 CH 2 Ph-4-OS0 2 CH 3 or R q , wherein R q is as defined above, with the 
required stereochemistry dependent on the reaction conditions used. 

The alkylation may be carried out using a variety of alkylating agents, such as ethyl halide 
or diethyl sulfate (see for example Benedict D.R., Bianchi T.A., Cate L.A., Synthesis 
(1979), pp. 428-429, Barluenga J., Alonso-Cires L., Campos P.J., Asensio G., Synthesis, 
1983, p. 53-55, Bull Chem Soc Jpn, 1986, 59, 2481, S. Patai, The Chemistry of the Ether 
Linkage, Wiley-Interscience NY, 1967, 445-498 or Survey of Organic Synthesis vol 1, 
Wiley-Interscience 1970, NY, p. 285-328). 




XII 
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The compound of formula XII wherein A is a chiral auxiliary group, -OH, or -OR p , 
wherein R p is as defined above, and Q is hydrogen, -CH 2 CH 2 Ph-4-OS0 2 CH 3 or R q , 
wherein R q is as defined above, can be prepared by asymmetric reduction of a compound 
of the formula XIII 




wherein A is a chiral auxiliary group, -OH, or -OR p , wherein R p is as defined above, and 
Q is hydrogen, -CH 2 CH 2 Ph-4-OS0 2 CH 3 or R q , wherein R q is as defined above. 

The asymmetric reduction may be performed by using a wide variety of reducing methods 
which are known to reduce ketones enantioselectively (see Flynn G.A., Beight D.W., 
Tetrahedron Letters, 29(4), 1988, pp. 423-426). 

The compound of formula XII wherein A is a chiral auxiliary group and Q is hydrogen, - 
CH 2 CH 2 Ph-4-OS0 2 CH 3 or R q , wherein R q is as defined above, may also be prepared by 
induced chiral reduction of a compound of formula XIII, wherein A is a chiral auxiliary 
group and Q is hydrogen, -CH 2 CH 2 Ph-4-OS0 2 CH 3 or R q , wherein R q is as defined above 
(see Xiang Y.B., Snow K., Belley M., J. Org. Chem., 1993, 58, pp 993-994). 

The compound of formula XQ, wherein A is a chiral auxiliary group, -OH or -OR p , 
wherein R p is as defined above, and Q is hydrogen, -CH 2 CH 2 Ph-4-OS0 2 CH 3 or R q , 
wherein R q is as defined above, can be prepared by converting a compound of the formula 
XIV 
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XIV 



wherein A is a chiral auxiliary group, -OH or -OR p , wherein R p is as defined above, and Q 
is hydrogen, -CH 2 CH 2 Ph-4-OS0 3 CH 3 or R q , wherein R q is as defined above, with the 
required stereochemistry, dependent on the reaction conditions used ( see for example K. 
Koga, C.C. Wu and S. Yamada, Tetrahedron Letters, no. 25, 1971, p 2283-2286 , Kunz H., 
Lerchen H-G., TetrahedronLetters, 28 (17) 1987, pp. 1873- 1876). 

G. The compound of formula II, wherein A is a chiral auxiliary group, and the compound 
of formula IV wherein A is a chiral auxiliary group and Q is R q , wherein R q is as defined 
above, can be prepared by reacting a compound of formula XV 




wherein X is a leaving group, such as a halogen or a sulfonate, and Q is -CH 2 CH 2 Ph-4- 
OS0 2 CH 3 or R q , wherein R q is as defined above, with a compound of the formula IX 




wherein A is a chiral auxiliary group. 

In the alkylation step the compound of formula XV is reacted with a compound of formula 
IX in the presence of one or more bases such as potassium carbonate, triethylbenzyl- 
ammonium chloride, sodium hydride, LDA, butyllithium or LHMDS in an inert solvent 
such as acetonitrile, DMF or dichloromethane at a suitable temperature and time. The 
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A.G., YangB.H., Gleason ,,, , Am. Cher, Soe. ,9,4, ,16, PP 930^62,^,0 
0 R Konope.sk, J.P-, Tetrahedron Assymehy, 2, 2, pp. 10S-1M. 1991. D-» S.O 
Sanlanee H J , Tetrahedron Assymetrv, 6. 3, pp. 67,-674, 1995. HulinB., Nev*n L.S 

and Savrgnac M, Durand J-O. Gene, W. Terrchedron Assymetry, 5, 4. pp.7,7-722, )- 

Tne compound of formula XV wherein X is a ieaving group, such as a haiogen or a 
^lateandQ.s-CH.CH.Ph-.OSO.CH.or^.where.nR'.sasdennedaOove.canhe 

prepared from a compound of formula XVI 




XVI 
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w„e,e,n Q is .CHXH^OSOXH, or R q , wherein # ,s as denned above, usmg 
standard methods known to anyone skilled in the art. 

Th eco m poundo ff onnu,aXV,whereu,Qis.CH 2 CH 2 Ph,.OS0 2 CH 3 orR'.where m R' 
is penned above, can he prepared by reduction ofacompound of formula vm, wheretn 
Q " CH.CH^OSO.CH, or R« wheretn R« rs as defined above, by standard memods 
known to anyone skilled in the art. 

H The compound of the rnvention of for- , and the compound of formula W . wherein 
Ais.OHandQishyd.genorR'.whereinR'isasdennedabove.canbepreparedby 

resolution of me racentate thereof and, if desired, Mowed by neutrahzahon. 

racemate of, either the compound ofme invention of fo m u,a ., or the compound o 
forrnulalV.andachira.base, such asinine, in ar, tner, solvent such as ethyl acetate or 
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10 , u e„e .see for example ^ P, ^ ^ ' ' ^ ^ 

Ores C Schwartz ,.C, Lecomte JM, US 5.36076, Stephani R, Cesare V., J- O-.. Ed, 

,„, ,,,7, p. ,226 and Yan.amo.0 M, Hayashi M, Masaki M., Nohira H„ Tetrahedron 

Assymetry,2,6,pp.403-406,1991). 

The compounds of*. — may be isolated from .heir reaction mixtures using 

conventional techniques. 

Persons skilled h. the art will appreciate that, in order to „b.a,n the compounds of the 
mention ,n an al.emative -d in some occastons, more convenient manner, the tn ,,dua, 
pI0C ess steps mentioned hereinbefore may be performed in different order, -or ure 
Udua, reachons may he perfonned a, different s,age in .he overa,, route „,. - 
transformations may be performed upon different mtermedia.es to those assoc.- 
hereinbefore with a particular reaction). 

omerr.ac„ve ff oups m a y bepro.ec,edusingapro.ee.,n g group,RorR «*. 

the s,andard ,ex. ■■Proteehve groups m Orgamc Synthesis", 2"< Edihon (,»., by Greene 
a^Wuts. The protecting groupR'o.R'maya.sobearesin, such as Wangresmor.- 

20 ch.orotri.yl chlor.de res,. The pro.ec.ion and detection of functional groups may ^te 
Ly be removed in accordance ,0 ,eehm q ues which are we,, ta own » mose «ed u, the 

art. 

!S The expression "inert solvent" refers .0 a solven. which does no, reac. w,m the starting 

of the desired product. 

Un ,ess othe^ise s.a.ed or indiea,ed the term chira, auxiliary group denotes a crural group, 
, such as a chtral a,coho. or amine, for mstance (->-n,nth„l. M-isomenthol, (-)-norneol, 
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(RH-pheny. glycine., (S)-2-phe„y, glyc.no!, <R,.4.phenyl-2-oxa*o,idi„one or (S)-4- 
benzyl-2-oxazolidinone, which when connect to a carbonyl group easily can be cleaved 

to the corresponding acid. 



5 



Intermediates 

ip0 und of formula I of the invention an intermediate of the formula 



When preparing the com] 
IV 



10 



15 




IV 



wherein Q is hydrogen and A is -OH or -OR', wherein R' is a pro.ec.ive group, e.g. 
or A is a clura, auxiliary group, such as a chira, amine, e.g. (R)-feny.g.ycino,, or a chrra, 
alcoho,, such as menmo, or a chira, oxa.ohdu.ne, such as ( S)-4-benzyl-2-oxazo,idmeo„e, 
,s parnculaxly useful. I. is prepared as described above. Under .he same heading «s use as 
to.ermedia.e for ft, preparadon of ft. end compound of ft. inv=n.ion is descrrbed. 
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Pharmaceutical preparations 

The compound of the invention will normally be administered via the oral, parenteral, 
intravenous, buccal, rectal, vaginal, transdemal and/or nasal route and/or via inhalation, in 
the form of pharmaceutical preparations comprising the active ingredient either as a free 
acid, or a pharmaceutical acceptable organic or inorganic base addition salt, in a 
pharmaceutical acceptable dosage form. Depending upon the border and patient to be 
treated and the route of administration, the compositions may be administered at varying 
doses. 

The compound of the invention may also be combined with other therapeutic agents which 
are useful in the treatment of disorders associated with the development and progress of 
atherosclerosis such as hypertension, hyperlipemias, dyslipidemias, diabetes and obesity. 

„ Suitable daily doses of the compound of the invention in therapeutical treatment of humans 
are about 0.005-5 mg/kg body weight, preferably 0.01-0.5 mg/kg body weight. 

According to a further aspect of the invention there is thus provided a pharmaceutical 
formulation including the compound of the invention, or pharmaceutically acceptable 
20 derivatives thereof, in optional admixture with pharmaceutically acceptable adjuvants, 

diluents and/or carriers. 

Pharmacological properties 

25 The present compound of formula (1) will be adapted for prophylaxis and/or treatment of 
clinical conditions associated with reduced sensitivity to insulin (insulin resistance) and 
associated metabolic disorders. These clinical conditions will include, but will not be 
limited to, abdominal obesity, arterial hypertension, hyperinsulinaemia, hyperglycaemia 
(non insulin dependent diabetes mellitus (NIDDM)) and the dyslipidaemia (plasma 
lipoprotein disturbances) characteristically appearing with insulin resistance. This 
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dyslipidaemia, also known as the atherogenic lipoprotein profile of phenotype B, is 
characterised by moderately elevated non-estenfied fatty acids, elevated very low density 
Hpoprotems (VLDL) triglycerides, low high density apoproteins (HDL) cholesterol and the 
presence of small, dense, low density lipoproteins (LDL). Treatment with the present 
compound ,s expected to lower the cardiovascular morbidity and mortality assorted w,h 
atherosclerosis. These cardiovascular disease conditions include macro-ang.ophat.es 
causing myocard.al infarction, cerebrovascular disease and penpheral artenal insufficiency 
of the lower extremities. Because of their insulin sensitizing effect the compound of 
formula (I) is also expected to reduce the progress of chnical conditions assorted w,th 
chrome hyperglycaemia in diabetes hke the rn.cro-angiophat.es causmg renal d,ease and 
retinal damage. Furthermore the compound may be useful in treatment of vanous 
conditions outside the cardiovascular system associated with insulin resistance hke the 
polycystic ovarian syndrome. The compound of the invention is a non-tox.c .nsuhn 
sensitizing agent with surprisingly good therapeutic effect and pharmacokinetic properties 
and without undesirable weight gain. 

General Ex perimental Procedures 

*H NMR and t3 C NMR measurements were performed on a BRUKER ACP 300 and 
Varian UNITY plus 400 and 500 spectrometers, operating at <H frequencies of 300, 400 
and 500 MHz respectively, and at »C frequencies of 75, 100 and 125 MHz respectively. 

Unless otherwise stated, chemical shifts are given inppm with the solvent as internal 
standard. 

Working examples 



Example 1. 

(S)-2-Ethoxy-3-[4-(2-{4^ 

30 
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a)2-(4-Methanesulfonyloxyphe n yl)ethyln 1 ethanesulfonate 

p-Hydroxyphenethylalcohole (15 g; 0.108 mole) was dissolved in dichloromethane. 
Triethylamine (27.3 g; 0.27 mole) was added followed by addition of a solu.on of 
me thanesulfonyl chloride (27.2 g; 0.239 mole) m ********* at 0> C. The reacUon 
mixture was allowed to reach room temperature, then stirred at room temperature and 
fonowed by TLC. The reaction mixture was filtered and the filtrate was washed with water. 
The orgamc phase was dried with sodium sulfate and then evaporated in vacuo to gl ve 28 g 
(yield 88%) of 2-(4-methanesulfonyloxyphenyl)ethyimethanesulfonate. 

'H-NMR (400 MHz; CDC1 3 ): 5 2.85 (s, 3H), 3.05 (t, 2H), 3.15 (s, 3H), 4.35 (s, 2H). 7.2 
(dm, 2H), 7.25 (dm, 2H). 

l3 C-NMR (100 MHz; CDC1 3 ): 5 34.8, 37, 27, 37, 31, 69.6, 122.2, 130.5, 135.8, 148.1. 
b)4-[2-(4-Formylphenoxy)ethyl]phenylmethanesulfonate 

2 _ (4 -Methane S ulfony^^ (30 * 0.102 mole) was Solved 

in acetomtrile and slowiy added to a mixture of p-hydxoxybenzaldehyde (3 1 . 1 g; 0.255 
20 mo l e) and potassiumca,bonate(41.46 g ;0.3mo.e)macetomtnle.Theresultin g m 1 xture 

was refluxed until 2-(4-methan eS ulfonylox^^ 

The salts were filtered off, the solvent evaporated in vacuo, dichloromethane was added 
and theorganicphase was washed with water. After evaporanonof me solvent, punfica.on 
by chromatography on silica gel using dichloromethane as eluant gave 21.6 g (yreld 66 /») 
25 of 4-[2-(4-formylphenoxy)ethyl]phenylmethanesulfonate. 

'H-NMR (400 MHz; CDC1 3 ): 5 3.05-3.15 (t, 2H + s, 3H), 4.2 (t, 2H), 6.95 (dm, 2H), 7.2 
(dm, 2H), 7.3 (dm, 2H), 7.8 (dm, 2H), 9.8 (s, 1H). 
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13 C-NMR (100 MHz; CDC1 3 ): 5 37.3, 38.3, 63.4, 116.1, 122.1, 129.2, 130.6, 132.6, 138.1, 
147.7, 162.6, 191.7. 

c) 2-EthoxyO-{442-(4-methanesulfonyloxyphenyl)ethoxy]phenyl}acrylic acid ethyl ester 

Tetramethylguanidine (9 g; 78 mmole) was slowly added to a solution of 4-[2-(4- 
formylphenoxy)ethyl]phenylmethanesulfonate (27 g; 84.2 mmole) and (l,2-diethoxy-2- 
oxyethyDtriphenylphosphonium chloride (30 g; 72 mmole) in chlorofonn (300 ml) at 0°C. 
After stirring at room temperature over night the solvent was evaporated in vacuo. Diethyl 
ether was added to the residue and insoluble material was filtered off. More diethyl ether 
was added and the mixture was filtered .gain. The filtrate was washed with sod 1U m 
hydrogen carbonate solution. The orgarnc phase was dried (magnesium sulfate) and the 
solvent was evaporated. Realization of the residue in ethanol gave 20.2 g (yield 64.6 
%) of 2-emoxy-3-{4-[2-(4-methanesulfonyloxy P henyl).ethoxy] P henyl}acrylic acid ethyl 



is ester. 



l H-NMR (500 MHz; CDC1 3 ): 5 1.34-1.38 (2t, 2x6H, J=7 Hz for both), 3.11 (t. 2H, J=6 Hz), 
3 13 (s, 3H), 3.98 (q, 2H, J=7 Hz), 4. 2 (t, 2H, J=6.8 Hz), 4.28 (q, 2H, J=7 Hz), 6.87 (dm, 
2H, J=9 Hz, unresolved), 6.95 (s, 1H), 7.23 (dm, 2H, J=9 Hz, unresolved), 7.33 (dm, 2H, 
20 J=9 Hz, unresolved), 7.73 (dm, 2H, J=9 Hz, unresolved). 

"C-NMR (125 MHz; CDC1 3 ): 6 14.3, 15.5, 35.0, 37.3, 61.0, 67.5, 68.1, 114.4, 122.0, 

123.8, 126.6, 130.5, 131.7, 137.7, 143.1, 147.9, 159.0, 164.9. 



d)2-Ethoxy-3-[4-(2-{4-methanesulfonyloxyphenyl}ethoxy)phenyl]propanoic; 



acid ethyl 

Ethoxy-3-[4-(2- {4-metlianesuiionyiuAyHi«»/* j «— - -j - 

25 ester 

^-{^^^-methanesulfonyloxyphenyDethoxylphenyDacrylic acid ethyl ester 



30 



2-Ethoxy- . . 

(1 47 g; 3.38 mmole) was hydrogenated for 3 hours at atmospheric pressure in ethyl 
acetates ml) usmg Pd/C (5 %; 0.75 g) as catalyst. The reaction mixture was filtered 
through celite and dried (magnesium sulfate). The solvent was evaporated in vacuo to grve 



WO 99/62872 



24 



PCT/SE99/00941 



(1.44 g; yield 98 %) of 2 -ethoxy-3-[4-(2-{4-methanesulfonyloxyphenyl}- 
ethoxy)phenyl]propanoic acid ethyl ester. 

'H-NMR (500 MHz; CDC1 3 ): 5 1 .16 (t, 3H. J=7 Hz), 1-23 (t, 3H, J=7 Hz), 2.92-2.96 (m, 
2H), 3.09 (t, 2H, 1=6.6), 3.13 (s, 3H), 3.31-3.38 (m, 1H), 3.56-3.63 (m, 1H), 3.94-3.98 (m, 
1H) 4 12-4 19 (m, 4H), 6.8 (dm, 2H, J=8.8 Hz, unresolved), 7.14 (dm, 2H, J-8.9 Hz, 
unresolved), 7.22 (dm, 2H, J=8.9 Hz, unresolved), 7.33 (dm, 2H, 1=8.6 Hz, unresolved). 

I3 C-NMR (125 MHz; CDC1 3 ): 5 14.2, 15.0, 35.1, 37.2, 38.4, 60.7, 66.1, 68.1, 80.3, 1 14.3, 

121.9, 129.5, 130.4, 130.5, 138.0, 147.8, 157.4, 172.5. 

e)2-Ethoxy-3-[4-(2-{4- m ethane SU lfon y loxyphenyl}ethoxy)phenyl]propanoicaci 

Lithium hydroxide hydrate (0.12 g; 2.82 mmole) dissolved in water (10 ml) was slowly 
added to a solution of 2-ethoxy-3-[4-(2-{4-methanesulfonyloxy- 

5 phenyl } ethoxy)phenyl]pro P a„oic acid ethyl ester (1.12 g ; 2.56 mmole) in tetrahydrofuran 
(30 ml) After stimng at room temperature for 3 hours, water (50 ml) was added and 
tetrahydrofuran was removed by evaporation in vacuo. The water residue was aciAfied 
wrth hydrochloric acid (2M) and extracted three tunes with ethyl acetate. The orgamc 
phase was dned (magnesium sulfate), filtered and the solvent was evaporated in vacuo to 

20 give 1 g (yield 96 %) of 2- e th 0 xy-3-[4-(2-{4-methanesulfonyloxyphenyl}ethoxy)- 
phenyl]propanoic acid. 

'H-NMR (500 MHz; CDC,,): 6 1 .17 (., 3H, J-7 Hz). 2.9,-2.99 (n, ,H). 3.03-3, 1 (m. 3H). 
3 ,2 (s. 3H), 3.39-3.47 (», 1H), 3.57-3.64 (m, 1H), 4.0,-4.06 (m, IH), 4.14 (,. 2H, J-6.7 
„ Hz), 6.81 (dm, 2H, 1-8.6 Hz, unsolved), 7.15 (dm, 2H, 1-8.6 Hz. unsolved), 7.22 (dm. 
2H J-8 6 Hz, unsolved), 7.33 (dm, 2H, J-8.6 Hz, unresolved). 
.■C-NMR(125 MHz; CDC,,): S 15.0,35.,, 37.2, 37.8, 66.8, 68.1, 79.7, 114.4, .21.9, 
128.8, 130.49, 130.52, 137.9, 147.8, 157.5, 169.1. 
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0(S )-2-ethoxy-N-(2-h^^ 

ethoxy)phenyl]propanoic amide. 

A solution of 2-ethoxy-3-[4-(2- { 4- m ethanesulf 0 nyl 0 xyphenyl}ethoxy)phenyl]propanoic 
acid (10 5 g- 25.7 mmole) in dry dichloromethane (150 ml) was cooled on an ice-bath and 
EDC (5.42 g; 28.3 mmole), diisopropylethylarrune (4.8 ml; 28.3 mmole) and HOBtxH 2 0 
(3 82 g- 28.3 mmole) were added. After 20 minutes the ice-bath was removed and (R)- 
phenylglycinol (3.88 g; 28.3 mmole) was added. After stirring at room temperature over 
night dichloromethane (100 ml), citric acid (60 ml, 10 %) and ethyl acetate were added and 
the phases were separated. The organic phase was washed with citnc and (60 ml), sodium 
^carbonate (2 x 60 ml) and bnne (60 ml), dried (sodium sulfate), filtered and the solvent 
evaporated in vacuo. The crude product was crystallized twice in ethyl acetate/heptan to 
give 4 43 g of (R)-2-ethoxy-N-(2-hydroxy-(R)-l-phenylethyl)-3-[4-(2-{4- 
.ethanesulfonyloxyphenyllethox^phenyHpropanoic amide. The mother liquids were 
combined, the solvent was evaporated in vacuo and the residue was punned by 
chromatography on silica gel usmg ethyl acetate:heptan (gradient 25 to 100 % ethyl 
acetate) to give 5.14 g (yield 38 «) of ( S)-2-ethoxy-N-(2-hydroxy-(R)-l - P henylethyl)-3-l4- 
(2 . { 4-methanesulfonyloxyphenyl}ethoxy)- P henyl] P ro P anoic amide and 0.51 g (totally 4.94 
g, yield 36 %) of (R)-2-ethoxy-^hydroxy-(R)-l-phenylethyl)-3-[4-(2-{4- 
» m ethane S ulfonyloxyphenyl}-ethoxy)phenyl]propanoic amide. 

•H-NMR (600 MHz; DMSO-d 6 ): 5 1 .04 (t, 3H, J=7.0 Hz), 2.74 (dd, 1H, 1=13.9 and 7.6 
Hz) 2 84 (dd, 1H, 1-13.9 and 5.3 Hz), 3.05 (t, 2H, J=6.7 Hz), 3.30 (m, 1H), 3.34 (s, 3H), 
3 44 (m, 1H), 3.55 (t, 2H, J=5.8 Hz), 3.88 (dd, 1H, J=7.3 and 5.5 Hz), 4.15 (t, 2H, J=6.7 
I5 Hz),4,3(m,lH),4,5^ 

7.17 (m, 3H), 7.23 (m, 2H), 7.28 (d, 2H, 3=8.3 Hz), 7.43 (d, 2H, J-8.3 Hz), 8.06 (d, 1 NH, 

J=8.2Hz). 

"C-NMR (150 MHz; DMSO-d 6 ): 5 15.2, 34.4, 37.5, 38.0, 54.6, 64.5, 65.1, 67.9, 81.1, 
114.2, 122.2, 126.8, 127.0, 128.1, 129.8, 130.4, 130.7, 138.1, 141.2, 147.8, 157.0, 171.1. 
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g)(S)-2-Ethoxy-3-[4-(2-{4-methanesulfonyloxyphenyl}ethoxy)phenyl]propa n oicacid 

(S)-2-Ethoxy-N-(2-hydroxy-(R)- 1 -phenylethyl)-3-[4-(2- {4- 
methanesulfonyloxyphenyDethoxy^henyllpropanoic amide (4.49 g; 8.59 mmole), 

, concentrated sulfuric acid (12.5 ml), dioxan (50 ml) and water (50 ml) were stirred at 80> C 
for 6 hours. After cooling, water (100 ml) was added and the product was extracted with 
dichloromethane (2 x 100 ml). The organic phases were combined and washed with bnne 
(60 ml) dried (sodium sulfate), filtered and evaporated in vacuo. Purification by 
chromatography on silica gel using heptan:ethyl acetate: acetic acid (10:10:1) as gradient 

10 and azeotropic destination with toluen gave 2.78 g (>aeld 79 %) of (S)-2-ethoxy-3-[4-(2- 
{4.methanesulfonyloxyphenyl}ethoxy)phenyl]propanoicacid. 

'H-NMR (600 MHz; DMSO-d 6 ): 5 1.02 (t, 3H, J=7.0 Hz), 2.78 (dd, 1H, J-13.9 and 8.0 
Hz) 2 86 (dd, 1H, J-13.9 and 5.2 Hz), 3.04 (t, 2H, J=6.8 Hz), 3.28 (dq, 1H, J=9.1 and 7.0 
15 Hz) 3 35 (s, 3H), 3.49 (dq, 1H. J-9.1 and 7.0 Hz), 3.92 (dd, 1H, J=5.2 and 7.7 Hz), 4.15 (t, 
2H, J=6.8 Hz), 6.82 (d, 2H, J=8.7 Hz), 7.1 1 (d, 2H, J=8.7 Hz), 7.27 (d, 2H, J=8 .5 Hz), 
7 42 (d, 2H, J=8.5 Hz), 12.59 (s, br, 1 OH). 

■3 C -NMR (150 MHz; DMSO-d 6 ): 8 15.2, 34.4, 37.5, 37.7, 65.0, 67.9, 79.4, 114.2, 122.2, 
129.6, 130.4, 130.7, 138.0, 147.8, 157.1, 173.4. 
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Example 2. 

(S)-2-Ethoxy-3 W- {4-me^^^ 

a) 3-(4-Benzyloxyphenyl)-2-ethoxyacrylic acid ethyl ester 

Tetramethylguanidine (33 g; 0.286 mole) was added to a solution of 4- 
benzyloxybenzaldehyde (59.1 g; 0.278 mole) and (l,2-diethoxy-2-oxyethyl) (triphenyl) 
phosphoruum chloride (101.8 g; 0.237 mole ) in dichloromethane (600 ml) at 0°C. After 
stirring at room temperature over night, the solvent was evaporated in vacuo. The res.due 
30 was dUsolved m diethyl ether, insoluble material was filtered off and the filtrate was 
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evaporated. The residue was stirred over night with sodium bisulfite (saturated water 
solution) and diethyl ether. The solid material was filtered off, the filtrate was extracted 
with diethyl ether, dried (magnesium sulfate) and the solvent was evaporated in vacuo. 
Purification of the crude product by flash chromatography and crystallization in 
isopropanol gave 66.8 g (yield 86.3 %) of 3-(4-benzyloxyph e n y l)-2-ethoxyacrylic acid 

ethyl ester. 

"C-NMR (125 MHz; CDC1 3 ): 8 14.4, 15.6, 61.0, 67.5, 70.0, 1 14.8, 124.0, 126.7, 127.5, 
128.1, 128.6, 131.7, 136.7, 143.1, 159.2, 165.0. 

b) 3-(4-Benzyloxyphenyl)-2-ethoxypropanoic acid ethyl ester 

3-(4-Benzyloxyphenyl)-2-ethoxyacrylic acid ethyl ester (0.5 g; 1 .5 mmole) was 
hydrogenated at atmospheric pressure using rhodium on charcoal as catalyst (5%, 50 mg) 
in methanol (20 ml). The crude product was purified by chromatography using 
heptane:ethyl acetate (5:1) as eluant to give 50 mg (yield 10%) of 3-(4-benzyloxyphenyl)- 

2-ethoxypropanoic acid ethyl ester, 

■H NMR (300 MHz; CDC1 3 ): 5 7.47-7.30 (m, 5H), 7.17 (d, J=8.8, 2H), 6.91 (d, J=8.8 Hz, 
20 2H), 5.06 (s, 2H), 4.17 (q, J=7.2 Hz, 2H), 3.98 (t, J=6.6 Hz, 1H), 3.61 (dq, J=8.9 and 6.8 
Hz, 1H), 3.36 (dq, J=8.9 and 6.8 Hz, 1H), 2.97 (d, J=6.6 Hz, 2H), 1.22 (t, J=7.2 Hz, 3H), 
1.18 (t, J=6.8 Hz, 3H). 

»C NMR (75 MHz; CDC1 3 ): 8 172.6, 157.6, 137.1, 130.4, 129.5, 128.6, 127.9, 127.5, 
1 14.6, 80.4, 70.0, 66.2, 60.8, 38.5, 15.1, 14.2. 



15 
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c) 3-(4-Benzyloxyphenyl)-2-ethoxypropanoic acid 



30 



Lithrom hydroxide hydrate (7.4 g; 177 mmole) dissolved in water (1 50 ml) was added to a 
solution of 3-(4-benzyloxyphenyl)-2-ethoxy P ropanoic acid ethyl ester (23.25 g; 70.8 
mmole) in dioxan (150 ml). After stirring at room temperature over night dioxan was 
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evaporated in vacuo, water was added and the mixture was washed with diethyl ether. The 
water phase was acidified with hydrochloric acid (1 M) and extracted with ethyl acetate. 
The organic phase was washed with water and brine, dried and the solvent was evaporated 
in vacuo to give 21.1 g (yield 99.2 %) of S^^benzyloxyphenyD^-ethoxypropanoic acid. 

<H NMR (300 MHz; CDC1 3 ): 8 1.15 (t, 3H), 2.9-3.1 (m, ZH), 3.35-3.45 (m, 1H), 3.6-3.7 
(m, 1H), 3.95-3.41 (m, 1H), 5.05 (s, 2H), 6.95 (d, 2H), 7.2 (d, 2H), 7.25-7.5 (m, 5H). 
»C NMR (75 MHz; CDC1 3 ): 5 15.0, 38.1 , 66.6, 70.0, 79.9, 1 14.7, 127.5, 128.0, 128.6, 
129.3,130.5,137.1,157.7,176.3. 

d)3«4-B«^loxyph^^ 

A solution of 3-(4-benzylox yP henyl)-2-ethoxypro P anoic acid (2.92 g, 9.74 mmole) in dry 
dichloromethane (30 ml) was cooled on an ice-bath and EDC (2.03 g; 10.61 mmole), 
dii S o P ro P ylethylamine(1.84ml, 10.61 mmole) and HOBtxH 2 0 (1.43 g; 10.61 mmole) 
were added. After 30 minutes the ice-bath was removed and (R)-phenylglycinol (1 .46 g, 
10.61 mmole) was added. After stirring at room temperature over night ethyl acetate (100 
ml) was added and the mixture was washed with potassium hydrogensulfate (1 M), 
saturated sodium bicarbonate solution, sodium carbonate solution and brine. The organic 
, phase was dried (sodium sulfate), filtered and the solvent was evaporated in vacuo. The 
crude product was purified by chromatography on silica gel using ethyl acetate:he P tan to 
give 1.5 g (yield 37 %) of 3-(4-benzyloxyphenyl)-(S)-2-ethoxy-yV-(2-hydroxy-(R)-l- 
phenylethyl)pro P anoic amide and 1.25 g (yield 31 %) of 3-(4-benzyloxy P henyl)-(R)-2- 
ethoxy-N-(2-hydroxy-(R)-l- P henylethyl)pro P anoic amide. 



25 



>H NMR (400 MHz; CDC1 3 ): 5 7.43-7.27 (m, 8H), 7.22 (d, J=8.3 Hz, 4H), 7.13 
(d, NH, J=7.8 Hz, 1H), 6.96 (d, J=8.3 Hz, 1H), 5.08 (s, 2H), 5.01 (m. 1H), 3.99 
(dd, J=6.8 and 3.9 Hz, 1H), 3.69 (m, 2H), 3.50 (q, J=6.8 Hz, 2H), 3.15 (dd, 
J=14.2 and 3.9 Hz, IH), 2.97 (dd, J=14.2 and 6.8 Hz, 1H), 2.94 (m, OH, 1H), 
30 1.16(t,J=6.8Hz,3H). 
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"CNMROOOMHz; CDC1,): 5 172.3, 157.5, 138.9, 137.0, 130.7, 129.4, 
128.6, 128.4, 127.7, 127.6, 127.3, 126.5, 1 14.4, 81.0, 69.8, 66.3, 66.0, 55.3, 
37.8, 15.1. 

e) 3-(4-Benzyloxyphenyl)-(S)-2-ethoxypropanoic acid 
3^4-Benzyloxypheny^^^^ 

(8 9 g - 21 22 mmole) was hydrolyzed whh concentrated sulfuric acid (27 ml) in water (1 04 
m l) and dioxane (104 ml) at 90" C for 5 hours. The reaction mixture was poured onto water 
, (220 ml) and extracted with ethyl acetate. The organic phase was washed with bnne, dned 
(sodium sulfate) and the solvent was evaporated in vacuo to gwe 6.85 g of a rruxture of 3- 
(4-ber^loxyphenyl^^^ acid and (SV^ethoxy^^hydroxyphenyl)- 

propanoic acid, which was used without further purification. 

is 'HNMR (400 MHz; CDC1,): 5 7.47-7.30 (m, 5H), 7.19 (d, J=8.8, 2H), 6.93 (d, J=8.8 Hz, 
2H) 5 10 (s, 2H), 4.06 (dd, J=7.8 and 4.4 Hz, 1H), 3.64 (dq, J=9.8 and 6.8 Hz, 1H), 3.44 
(dq ; j=9 .8 and 6.8 Hz, 1H), 3.09 (dd, 1=14.2 and 4.4 Hz, 1H), 2.98 (dd, W*2 and 7.8 Hz, 
1H), ,.,9(t,J«6.8Hz,3H). 

„ 0 3-(4-Benzy,oxyphenylMS)-2-ethoxypropinorc acid ethyl ester 

Hydrogen ehloride (g) was bubbled tough a solution of 3-(4.ber^lo*yphenyV,-2-(S)- 
ethoxypropanoic acid (6.85 g) in ethanol (400 ml). Thiony. chloride (2 ml. 27.4 rronole) 
was slow,, added and the reacon mixntre was renuxed for 2 hours. The solvent was 
B evaporatedmv^otogiveSgofamixtureof S^-benzyloxyphenylMS^. 

etnoxypropano.c acid ethy, ester and (S^-ethoxy^hydroxyphenyDpropanotc acd 

ethyl ester which was used without further purification. 

■H NMR (300 MHz; CDC.,): 6 7.47-7.30 (m. 5H), 7.17 (d. J-8.8, 2H), 6.91 (d, 1-8.8 Hz. 
, 2H). 5.06 (s, 2H). 4,7 (,, J-7.2 Hz. 2H), 3.98 (,. J-M Hz, 1H). 3.6, (do, «.» and 6.8 



WO 99/62872 



30 



PCT/SE99/00941 



10 



Hz, 1H), 3.36 (dq, J=8.9 and 6.8 Hz, 1H), 2.97 (d, J=6.6 Hz, 2H), 1.22 (t, J=7.2 Hz, 3H), 
1.18 (t, J=6.8 Hz, 3H). 

»CNMR(75 MHz; CDC1 } ): 6 172.6, 157.6, 137.1, 130.4, 129.5, 128.6, 127.9, 127.5, 
1 14.6, 80.4, 70.0, 66.2, 60.8, 38.5, 15.1, 14.2. 

g ) (S)-2-Ethoxy-3-(4-hydroxyphenyl)propanoic acid ethyl ester 

3-(4-Benzylox yP hen y l)- (S)-2-ethoxypropanoic acid ethyl ester was hydrogenated at 
atmospheric pressure for 2 hours in ethyl acetate using Pd/C as catalyst. Purification by 
chromatography on silica gel using toluemethyl acetate as eluant gave 3.83 g (yield in 3 
steps 76 %) of (S)-2-ethoxy-3-(4-hydroxyphenyl)propanoic acid ethyl ester. 



'H-NMR (400 MHz; CDC1,): 5 1.18 (t, 3H, J=6-8 Hz), 1.24 (t, 3H, J=7 Hz), 2.96 (d, 2H, 
J=6.5 Hz), 3.34-3.43 (m, 1H), 3.57-3.66 (m, 1H), 4.00 (t, 1H, 6.5 Hz), 4.18 (q, 2H, J-7 
l5 Hz), 5.30 (s, 1 OH), 6.74 (dm, 2H, J=8.5 Hz, unresolved), 7.10 (dm, 2H, J=8.5 Hz, 
unresolved). 

"C-NMR (100 MHz; CDC1 3 ): 5 14.2, 15.0, 38.4, 60.9, 66.2, 80.4, 1 15.1, 129.0, 130.5, 
154.5,172.7. 

20 h) (S)-2-Ethoxy-3-[4-(2-{4-methane S ulfonyloxyphenyl}ethoxy)phenyl]propanoic acid 
ethyl ester 

A solution of 2K4-methanesulfo n ylox y phenyl)ethylmethanesulfonate (described in 
Example la) (2.41 g ; 8.14 mmole) in acetonitrile (1 1.8 ml) was added to a mixture of (S)- 
25 • 2-ethoxy-3-(4-hydroxyphenyl) P ropanoic acid ethyl ester (1.3 g; 5.46 mmole), potassium 
carbonate (2.26 g; 16.4 mmole) and magnesium sulfate (1 g) in acetonitrile (50 ml). The 
reaction mixture was refluxed for 19 hours. More of 2-(4- 

me th m esulfonyloxyphenyl)eth y l-methanesulfonate (0.8 g; 2.73 mmole) was added and the 
reaction mixture was refluxed for another 25 hours. Solid material was filtered off and the 
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solvent was evaporated in vacuo to give 3.6 g of (S)-2-ethoxy-3-[4-(2- {4- 
me thane S ulfonyloxyphenyl}ethoxy)phenyl]-propanoic acid ethyl ester. 

0 (S >2-E*oxy-3-[4-<2-^ 

Lithium hydroxide hydrate (0.229 g; 5.45 mmole) dissolved in water (6 ml) was slowly 
added to a mixture of ( S)-2-ethoxy-3-[4-(2-{4-methanes U lfonyloxyph e nyl}ethoxy) P henyl]- 
propanoic acid ethyl ester (2.29 g; 5.24 mmole) in tetrahydrofuran (50 ml) and water (10 
ml) at 50 C The reaction mixture was stirred at 5° C for 2.5 hours, at 20° C for 3 hours, at 
10 0° C for 1 5 hours and at 20' C for 3,5 hours. More lithium hydroxide hydrate (44 mg, 1 .05 
mmole) dissolved in water (1 ml) was added at 10° C. After another 21.5 hours of stirnng 
at 10° C more lithium hydroxide hydrate (44 mg; 1.05 mmole) dissolved in water (1 ml) 
was added. The reaction mixture was stixred at 25° C for 3 hours and then kept at 2° C for 
67 hours Tetrahydrofuran was evaporated in vacuo and then water and ethyl acetate were 
15 added msoluble material was filtered off 

water phase was washed twice with ethyl acetate, acidified with hydrochlonc acd (2 M; 
3 2 ml) and extracted with ethyl acetate (30 ml). The organic phase was washed twee with 
water, dried (magnesium sulfate), filtered and the solvent was evaporated in vacuo to give 
1.9 g (yield 72 % in 2 steps) of (S)-2-ethoxy-3-[4-(2- {4-methanesulfonyloxyphenyl} - 
20 ethoxy)phenyl]propanoic acid. 

'H-NMR (600 MHz; DMSO-d 6 ): 8 1 .02 (t, 3H, J=7.0 Hz), 2.78 (dd, IH, 1-13.9 and 8.0 
Hz) 2.86 (dd, IH, 1-13.9 and 5.2 Hz), 3.04 (t, 2H, 1=6.8 Hz), 3.28 (dq, IH. 1=9.1 and 7.0 
Hz), 3.35 (s, 3H), 3.49 (dq, IH, M.l and 7.0 Hz), 3.92 (dd, IH, ,=5.2 and 7.7 Hz), 4.15 (t, 
25 2H, J=6.8 Hz), 6.82 (d, 2H, 1=8.7 Hz), 7.1 1 «L 2H, J=8.7 Hz), 7.27 (d. 2H, J=8 .5 Hz), 
7 42 (d, 2H, J=8.5 Hz), 12.59 (s, br, 1 OH). 

"C-NMR (150 MHz; DMSO-d 6 ): 6 15.2, 34.4, 37.5, 37.7, 65.0, 67.9, 79.4, 1 14.2, 122.2, 
129.6, 130.4, 130.7, 138.0, 147.8, 157.1, 173.4. 
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Riolo frical activity 

Thebiological activity of the compound of fte invent.on was tested in obese diabenc mice 
of ,be Umea ob/ob strain. Groups ofm.ce received the tes, compound by gavage once 
, daiiy for 7 days. On .be las. day of tbe expenment fte animals were anes.he.ized 2h after 
dose in a non-fed s.a,e and biood was collected from an ine.sed artery. Plasma was 
analyzed for concentration of glucose, msulin and triglycerides. A group of united obese 
diabetic mice of fte same age served as control. The weighrof the mice was measured 
before and after fte experunen. and fte ob,ained weigh, gam was compared ,0 me we.gh. 
gain of the control animals. The mdividual values for glucose, insulin and tnglycende 
,evels of the mice from me test group were expressed as the percent rage of the 
corresponding values from the control group. 

Tbe destred "fterapeu.ic effect" was calculated as fte average percen. reducrion of fte 
three variables glucose, insulin aud triglycerides below fte levels in fte control amn* 
„ The fterapeutic effect of fte .es.ed compounds according to fte invention was compared .0 
fte same effect in fte prior art compound .ogliiazone, adn.mis.ered by gavage .„ fte oral 
dose of 1 00 ^mol/kg for 7 days. 

The superior effects of fte .es.ed compound according ,0 fte invenuon compared .o that of 
, troglitazone when given in fte same oral dose demonstrate fte increased potency and 

efficiacy of the claimed compound. 



Abbreviations 

NIDDM non insulin dependent diabetes mellitus 

VLDL very low density lipoproteins 

HDL high density lipoproteins 

IRS insulin resistance syndrom 

PP AR peroxisome proliferator activated receptor 

DEAD diethyl azodicarboxylate 
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20 



ADDP 
EDC 

EDCxHCl 
DCC 
HBTU 
TBTU 
PyBop 
DMF 
DMAP 
TEA 
DiPEA 
BINAP 
COD 
LDA 
LHMDS 
TLC 
THF 
Pd/C 
HOBtx 
m 
t 
s 
d 

q 

25 qvint 
br 
dm 
rac 



azodicarbonyl dipiperidine 
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 

dicyclohexylcarbodiimide 

0-be M otria Z ol4-yl-N,N > N\N , -tetra m ethyluroniumhexafluoro P hosphate 

O-benzotriazol-1 -yl-N.N.N'^'-tetramethyluronium tetrafluoroborate 
benzotnazole-l-yl-oxy-tris-pyrolidino-phosphoniumhexafluorophosphate 

dimethylformamide 
4-dimethylaminopyridine 

triethylamine 

diisopropylethylamine 

2,2'-bis(diphenylphosphino)-l,r-binaphtyl 

cyclooctadiene 
lithium diisopropylamide 
lithium hexamethyldisilylamine 
thin layer chromatography 
tetrahydrofuran 
palladium on charcoal 
H20 1-hydroxybenzotriazole-hydrate 

multiplet 

triplet 

singlet 

doublet 

quartet 

quintet 

broad 

multiplet of doublet 
racemate 
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CLAIMS 

1 . A compound having the formula 




and pharmaceutically acceptable salts, solvates, and crystalline forms thereof. 

2. A process for the preparation of a compound according to claim 1 , characterized by 



a) converting a compound of the formula II 




II 



wherein A is a chiral auxiliary group or the group -OR p , wherein R p is a protective group, 
or 



b) reacting a compound of the formula III 
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with a compound of the formula IV 




in which formulas A is -OH, a chiral auxiliary group or the group -OR p , wherem R p is a 
protective group, X is -OH or a leaving group and Q is H, whereafter, if necessary, 
hydrolysing the obtained compound, or 



10 



c) 



diastereoisomerically separating a compound of the formula V 




wherein Q is -CH 2 CH 2 Ph-4-OS0 2 CH 3 and A is a chiral auxiliary group, whereafter 
hydrolysing the obtained compound, or 



d) enantiomerically separating a compound of the formula V 



20 
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wherein Q is -CH 2 CH 2 Ph-4-OS02CH3 and A is -OH or -OR p , wherein R p is a protective 
5 group, whereafter, if necessary hydrolysing the obtained compound, or 



e) 



asymmetrically reducing a compound of the formula VII 




VII 



wherein Q is -CH 2 CH 2 Ph-4-OS0 2 CH 5 and A is -OH, a chira. auxiiiary group or the group 
.OR>, wherein R p is a protective group, whereafter, if necessary, hydrolysing the obtatned 
compound, or 

f) alkylating a compound of the formula Xn 




wherein Q is -CH.CH^OSO.CH, a*d A is -OH, a chira, auxiHary group or tie group 
„ -OR', wherein R p isa protective group, whereafter, if necessa^, hydroiysing the obtatned 

compound, or 
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g ) reacting a compound of the formula 




XV 



with a compound of the formula 




IX 



a which formulas X is > -ng group, Q is ^H 2 CH 2 Ph-4-OS0 2 C Hj and A is a chira, 

compound, or 



h) resolving a racemate of the formula I r 



15 




whereafter, if desired, the compound obtained according to any of method a»0 is 
convex .0 a pharmaceutic* accept* sa,,, ^ a soivate such as a hydrate thereof. 



20 



3. A compound of the formula IV 
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IV 



10 



wherein Q is hydrogen and A is -OH, a chiral auxiliary group or the group -OR<\ where. 

R p is a protective group. 

4. A compound according to claim 3, wherein in formula TV A is -OH or alkoxy having 1 
to 3 carbon atoms. 



5. A compound according to claim 1 for use in therapy. 

6 A pharmaceutical formulation containing a compound according to claim 1 as active 
ingredient optionally together with a pharmaceutical* acceptable carrier, adjuvant and/or 
diluent. 

, 5 7 Theuseofacompoundaccordmgto^ 

the prophylaxis and/or treatment of clinical conditions associated with msulin resistance. 

8 A method for the prophylaxis and/or treatment of clinical conditions associated with 
insulin ^stance wherein a therapeutically active amount of a compound according to 
20 claim 1 is administered to a mammal in the need of such prophylaxis and/or treatment. 

9. A method according to claim 8 wherein the prophylaxis and/or treatment of climcal 
conditions associated with insulin resistance is the prophylaxis andVor treatment of 

dyslipidaemia in such conditions. 

25 
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10. A method according to claim 8 wherein the prophylaxis and/or treatment of clinical 
conditions associated with insulin resistance is the prophylaxis and/or treatment of 
hyperglycaemia in non insulin dependent diabetes mellitus. 

1 1 . A pharmaceutical formulation for use in the prophylaxis and/or treatment of clinical 
conditions associated with insulin resistance wherein the active ingredient is a compound 
according to claim 1 . 
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